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ABSTRACT

The five units of this course package provide the student with an introduction to the disciplines of epi-
demiology and toxicology with an emphasis on topics of special relevance to the engineer. The units are
meant to be used sequentially. The sum of this experience is not intended to train epidemiologists or toxi-
cologists but rather to acquaint the engineering student with the multidisciplinary context that exists in the
pursuit of the relationships between health, occupation, and the environment.
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Unit |
INTRODUCTION TO EPIDEMIOLOGY

To introduce the participant to the basic concepts of epidemiology and to demon-
strate its relevance to engineering.

PURPOSE

OBJECTIVES: To acquaint the student with:

The basic concepts of epidemiology

The sources of epidemiologic evidence

Types of epidemiologic study

Strengths and weaknesses of the epidemiologic approach

bl ol A e

Epidemiology
Risk

Risk factor

Case control study
Cohort study
Relative risk
Ascertainment
Qdds ratio
Prevalence

10. Incidence

11. Latency

12. Observation bias
13. Recall bias

SPECIAL TERMS:

CEeRALRE WD
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AN APPLIED APPROACH TO EPIDEMIOLOGY AND TOXICOLOGY FOR ENGINEERS

INTRODUCTION

DATA SOURCES

Epidemiology is a discipline within the health sciences that deals with the
study of the occurrence of disease in human populations, The term is derived
from the Greek words “Epi” (upon) and “Demos” (people) or diseases upon
people. Whereas physicians are generally concerned with the single patient,
epidemiologists are generally concerned with groups of people who share cer-
tain characteristics. A good example would be the interest epidemiologists
show in characteristics associated with adverse health effects, e.g. smoking
and lung cancer, asbestos exposure and asbestosis, or noise and hearing loss.

Epidemiology operates within the context of public health with a strong
emphasis on the prevention of disease through the reduction of factors that
may increase the likelihood that an individual or group will suffer a given dis-
ease. Implicit in the practice of epidemiology is the need for the different dis-
ciplines that may be required in studying the influence of occupation on
human health.

Epidemiologic data come from many different sources. Acquiring reliable, accu-
rate, and complete data describing occupational health problems is a key concern
of the epidemiologist. A primary and continuing problem is the ascertainment of
occupational disease. Ascertainment is the identification of diseases that are, in
this case, of occupational origin.

Occupational disease is not a new phenomenon. Ample historical evidence
exists recounting the effects of lead poisoning, chronic respiratory problems
associated with mining, and hazards of maoufacturing including traumatic
injury. For example, the first identification of an occupationally induced can-
cer is found in the work of Percival Pott who identified increased scrotal can-
cer among chimney sweeps in 18th century England. The ongoing tragedy of
occupational disease can be seen in this excerpt taken from Adelaide Ross
Smith’s account of the work environment that women workers exposed to ben-
zene encountered in 1928 in a small tin factory in New York.

“There was direct ventilation of coated can covers. They emerged from the
machine immediately after coating without having been heated and
smelling directly of benzol... The eight coating machines consumed 45 to
50 gallons daily of a compound containing 75 percent of benzol. Adjoining
the coating room and connected with it by a wide-open doorway was
another room where paper gaskets were made...[A twenty-six-year-old
woman] was employed for some months in the room adjoining the coating
machines. She had always been well and was not bothered by the work
until she became pregnant. Then she suffered from severe nausea and vom-
iting...Severe and prolonged nosebleeds were followed by bleeding from
the gums and rectum and into the skin. She stopped work and improved...
A premature child was born at seven months and three hours after delivery
the mother died following severe uterine hemorrhage.”!



Unit I—Introduction To Epidentiology

Latency

TYPES OF STUDIES

Descriptive studies

Although it’s been known for a long time that occupational exposures can
induce human disease, as in the above example, the fact remains that diseases
of occupational origin are underreported. This can be attributed to three major
factors. The first is that health professionals generally do not gather enough
information concerning the patient’s occupatioral history or the various jobs
and duties carried out by the patient to possibly link employment with his/her
symptoms.2 The second is that many of the diseases associated with occupa-
tional causes could have been caused by other risk factors. Therefore, the
occupationally caused case of lung cancer does not appear with some distinct
marker to differentiate it from a lung tumor caused by personal risk factors
such as smoking. Exceptions do, of course, exist: mesothelioma-—a relatively
rare cancer of the lining of the lung—generally only occurs with exposure to
asbestos. A third factor, particularly for chronic diseases, is the long time
interval that can exist between initial exposure to an occupational agent and
the development of disease. This long time interval can make the recognition
of the occupational origin of a disease quite difficult. This is in stark contrast
to the relative ease of associating injuries with job-related causes. ‘

Latency refers to thc period of time that elapses between the first contact of a
harmful agent and a host and the development of identifiable symptoms or dis-
ease. Latency may be as short as a few hours, the time required for photo-
chemical smog to induce watery eyes. Or it may stretch to 20-30 years for a
chronic condition such as asbestosis or malignant neoplasm of the lung. The
association between a given exposure and a disease is all that more difficult
because of the passage of time.

As we shall see in Unit III (Introduction to Toxicology and Risk Assessment), ret-
rospective exposure status is a primary constraint of occupational epidemiology
studies. It is exacerbated by the fact that many of the conditions currently under
study are chronic disease conditions that may have long periods of latency. '

The types of epidemiologic studies that attempt to note the number of cases of
specific disease in a specific time period are generally known as descriptive
studies. Descriptive studies attempt to provide investigators with information
concerning the distribution of the disease in time and space as well as to iden-
tify attributes that may increase the chances of an individual contracting the
disease. These attributes, called risk factors, include factors subject to change -
such as physical inactivity as well as and those that are immutable such as
gender or age. For example, well-established risk factors for occupationally
induced lung cancer include asbestos and coke oven emissions. Descriptive
studies are also helpful in the formation of hypotheses regarding exposure and
disease. Studies seeking to prove or disprove specific hypotheses are called
analytic studies.

I-3



AN APPLIED APPROACH TO EPIDEMIOLOGY AND TOXICOLOGY FOR ENGINEERS

Analytic studies

DETERMINING
DISEASE
FREQUENCY

Prevalence

The two basic typevs‘ of analytic studies are the case-control and cohort study.
Each has their own strengths and weaknesses as well as different resource and
time requirements. The cohort study involves the study of individuals classi-

- fied by exposure characteristics, for example a group of welders. The study
‘then follows the development of disease in the welders’ group as well as in an

unexposed comparison population. The measure that assesses the magnitude
of association between the exposure and disease and that indicates the likeli-
hood of developing the disease in the exposed group relative to the unexposed
is the relative risk. (See discussion of relative risk on pages 1-6 to I-8.) A rela-
tive risk of 1.0 indicates no difference between the disease experience in the
two groups. A relative risk of greater than 1.0 indicates a positive association
between the exposure and the disease and an increased risk in those who are
subject to the exposure.

In the case-control design, a group with a disease (cases) is compared with a
selected group of nondiseased (control) individuals with respect to exposure.
The relative risk in case-control studies can only be estimated as the incidence
rate (see discussion below) among exposed individuals and cannot be calculat-
ed. The estimator used is the odds ratie, which is the ratio of the odds of expo-
sure among the cases to that among the controls.

The main difference between the case-control and the cohort type of study is
that in the case-control format the investigator begins by classifying study sub-
jects as to disease status. With the cohort study, the investigator begins by sepa-
rating study subjects by exposure status. There are major resource consumption
differences between the types of study. Cohort studies generally consume more
resources and take longer to complete than do case-controls studies. The use of
these analytic techniques will be covered in greater detail in Unit II (Analytic
Epidemiology). '

A pressing challenge for epidemiologists interested in occupational health is to
derive an accurate picture of disease frequency. This challenge is met by two
broad types of measurement: prevalence and incidence.

Disease prevalence refers to the number of cases existing in the population.
Point-prevalence identifies the prevalence estimated at a given time, €.g., the
number of workers with abnormal chest films during a survey conducted in
June 1987.

Prevalence is computed as the number of cases divided by the number of study
subjects at a given point in time.

number of persons with a disease
total number in the study

Prevalence =

. Prevalence is thus not a true rate but reélly is a proportion, although the term

prevalence rate is used fairly widely.

I-4



Incidence

_Relative risk

Unit I—Introduction To Epidemiology

Incidence, a true rate, refers to the number of new cases of a disease in a
defined population in a given period of time. Thus the incidence rate can be
expressed as:

number of new cases of
disease during time period

Incidence rate = -
total number at risk

Central to epidemiology is the use of rates to express the health experience of
populations. Rates are important because epidemiology is inherently a com-
parative discipline. An epidemiologist is constantly attempting to compare the
disease experience of a study population with that of a comparison population.
A rate is nothing more than a specialized proportion in which the counts of
persons with a particular disease are placed over a denominator that is com-
posed of people who are at risk, i.., who have a chance of developing the dis-
ease. Men, for example, would not be included in the denominator used to cal-
culate the prevalence or incidence of uterine cancer.

Because epidemiology is a comparative discipline, epidemiologists are inter-
ested in comparing the risk of a disease in people exposed to a particular agent
with the disease experience of people not exposed to the agent. It is beneficial
to have the results of such comparisons expressed as a single statistic that esti-
mates the risk of developing a disease based on exposure status. This statistic
is called the relative risk. The classic formulation of this comparison can be
expressed in a two-by-two table, so named because it has two rows and two
columns (see Table I-1). The four cells, labeled a, b, ¢, and d, represent the
number of people who have some level of exposure or the disease in question.

Table I-1
Generic Two-by-Two Table
Disease
Exposure  Yes No Total
Yes a b’ a+b
No c d c+d
Total a+c b+d a+b+c+d

From this basic comparison flows the basis for the majority of epidemiologic
comparisons. Inspection indicates that the cells of the table have the following
attributes:

the number of exposed individuals who have the disease
the number exposed who do not have the disease

the number not exposed who have the disease
the number who are both not exposed and not diseased.

[« T e B S
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AN APPLIED APPROACH TO EPIDEMIOLOGY AND TOXICOLOGY FOR ENGINEERS

BIAS AND
CONFOUNDING

Selection bias

Observation bias

Contfounding

Once the basic structure of epidemiologic comparison is visualized, the calcu-
lation of the measures of association are relatively straightforward. The rela-
tive risk estimates the magnitude of an association between exposure and dis-
ease and the result indicates the likelihood of developing the disease in the
exposed group in relation to these not exposed. This comparison directly
forms a ratio of the incidence of the disease among the exposed group (a/a+b)
to the incidence of disease among the unexposed group (c/c+d):

Incidence of the disease among exposed : a/(a+b)

Relative Risk = 4, % dence of the disease among unexposed  c/(c+d)

Epidemiologists’ studies attempt to identify associations between exposure or
agents and disease. Factors that can interfere with visualizing these associa-
tions are of great interest to epidemiologists. Bias, simply put, is the existence
of some systematic error in the study results introduced by the design and or
implementation of the study. Examples of some of the more common types of
bias follow.

Selection bias results from using noncomparable selection criteria in enrolling
participants in a study. The most common type of selection bias for the occu-
pational epidemiologist is the kealthy worker effect. This is a phenomenon
that occurs when, for example, the all-causes mortality rate among a working
population is lower than the all-causes mortality rate among a comparison
population such as the general population than compared to the general popu-
lation. To be included in the working population requires a certain level of
mobility and health as contrasted with certain segments of the general popula-
tion that may include the infirm and debilitated.

A second major form of bias is observation bias. Observation bias ensues
when noncomparable information is received from the different groups in a
study. This type of bias can have two components: principally interviewer bias
and recall bias. If an interviewer is aware of the case/control status of the
informant, there may be a differential level of probing to elicit specific expo-
sure information. Recall bias happens when the informant with a particular
exposure or disease status is likely to remember and report experiences differ-
ently from those who are not affected. For instance, individuals living in a
town of suspected environmental contamination may consciously or uncon-
sciously overstate disease experience.

Another possibility that could obscure the true relationship between an expo-
sure and a disease is the existence of a third factor that is associated with the
exposure and independently affects the risk of developing the disease. This
third major form of bias is called confounding. Confounding may produce a
spurious result or obscure a real association. In most chronic respiratory dis-
ease studies, smoking (generally regarded as a potential confounder) is a per-
sonal risk factor that must be taken into account. The chronic respiratory con-
ditions identified in the working population may not result from the occupa-
tional exposures but rather from the use of cigarettes. The confounder must be
associated with the exposure and be a risk factor for the disease.



Unit I—Introduction To Epidemiology

Control of
confounding

MAGNITUDE OF
OCCUPATIONAL
DISEASE

A goal of epidemiologic inquiry, indeed of all science, is to control bias and

confounding. Among strategies to minimize confounding are randomization
and matching. Each attempts to allow the investigator to minimize confound-
ing at either the design and/or analysis phase of the epidemiologic study.
Randomization, which is difficult and in most occupational studies impossible
to do, attempts to minimize confounding. Although randomization does not
ensure that confounding will not take place, it does tend to distribute equally
those factors that are potential confounders. Matching, another widely used
strategy, allows study subjects to be, in some cases, paired according to the
potential confounding variables such as age or sex. In general, information and
selection bias are best handled by judiciously planning the study design.
Confounding, however, can happen even in scrupulously planned studies and
is generally addressed when analyzing the epidemiologic study.

The prevalence of occupational disease in the United States (see p. I-4) pose
real challenges to the epidemiologist. How do we derive true estimates of this
experience? If we begin with an estimate of the proportion of malignant neo-
plasms or cancers attributable to occupational exposures we can witness
intense controversy. These estimates range from 3 to 38.5 percent, although
consensus estimates generally range between 5 to 10 percent.3 National esti-
mates are sketchy even for events seemingly more amenable to mistake-free

- enumeration such as traumatic injury and job-related deaths.

For data collected at the state level, the ranges of estimates are even wider, the
uncertainty greater. The Mount Sinai School of School of Medicine provided a
report on occupational disease to the New York Legislature in 1987. Four data
sources were used: worker compensation records, disease registries maintained
by the state Department of Health, data from the U.S. Bureau of Labor
Statistics (BLS) and extrapolations from California’s physician reporting sys-
tem. The investigators reported an almost complete absence of reliable data
from these sources.4 In fact, by employing the various sources of data, their
estimates of the incident cases of occupational disease occurring in the State of
New York on an annual basis ranged from 4,000 to 28,000 cases.

Other methods of estimating occupational disease have also been employed,
most notably the use of death certificates5 and the use of the Sentinel Health
Event of Occupational Origin (SHE/O).6 Death certificates, a favorite source
of data for epidemiologists, are relatively easy to access, relatively cost effi-
cient to use, and very complete in terms of coverage of the population. They
are also plagued by problems involving the diagnosis and the industrial and
occupational (I/0) information on the certificate. The 1/0 information is
obtained from the decedent’s survivor and entered on the death certificate.
Most death certificates specifically call for information on the “occupation or
industry performed during most of working life.” Such a question discourages
the respondent from only providing information on the last job held by the
decedent, although this all too frequently happens. In most instances, the epi-
demiologist studying occupational disease is interested in the job performed
for the longest period of time in trying to establish a link between work and
health.
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CONCLUSIONS

The SHE/O concept (jointly developed by Dr. David Rutstein of Harvard
Medical School and the National Institute for Occupational Safety and Health
(NIOSH)) attempts to expand on our ability to understand the patterns of
work-related disease and to study those events most in need of attention.” For
example, within the field of air transportation, crashes rather than successful
flights are usually studied. In much the same way, Rutstein and colieagues
developed a list of conditions thought to be primarily caused by occupational
or man-made exposures. Such a list of conditions could then be used to screen
death certificates or even hospital discharge data to identify cases of potential
occupational origin. Such analyses have been performed at the state level with
coordination from NIOSH.8

Death certificate studies and SHE/O investigations form a broad spectrum of
epidemiologic analyses that, crudely defined, are concerned with understand-
ing patterns of occupational disease. These activities are collectively known as
health surveillance. Surveillance is an important public health function that
shapes the necessity for, and character of, intervention options once a health
problem has been identified. Surveillance activities also assist in evaluating
the effectiveness of any intervention measures that are implemented.8

Dr. Joseph Fraumeni headed a group at the National Cancer Institute that fol-
lowed an interesting thread of surveillance work by analyzing mortality pat-
terns of cancer mortality. The group, using the county as the unit of analysis,
looked at noncancer causes of death experience of white and nonwhite popula-
tions. The results were mapped to display the distribution of mortality from
pneumoconiosis due to silica and silicates. Clustering was apparent in two sec-
tions of the country: Appalachia, possibly as a result of anthracite coal mining
operations, and the Far West, where hard rock, uranium, and other mining and
smelting operations occur.9 The data display standardized the age distribution
of the county to the U.S. population in 1970 to remove the effects of age, a
potential confounding variable. The distribution of pneumoconioses is known
to vary directly with age, so that the effects of age must be controlled if we are
to arrive at a true understanding of the distribution of the disease.

Concerns with the under reporting of occupational health problems continue,
A review article by Landrigan and Baker points out that occupational disease
is not fully recognized and that there is a consequent loss in the ability to pre-
vent these conditions.10

Descriptive studies are useful in providing investigators with hypotheses
between exposure and the development of disease. A hypothesis is notliing
more than the formal statement of a presumed association between an expo-
sure and a disease. The rigorous testing of hypotheses is reserved for the sec-
ond major type of epidemiologic study, the analytic study. '
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STUDY QUESTIONS

1. Compare and contrast the principal purposes of the descriptive and
the analytic types of epidemiologic studies.

2. Why is it difficult to ascertain occupational disease?

3. What can you suggest as possible improvements in ascertaining of
occupational/environmental disease? Hint: think about how the present
knowledge of occupational/environmental diseases has been acquired.

4. The level of detection in many quantitative analyses for occupational
and environmental contaminants has increased by orders of magni-
tude from parts-per-million to a state-of-the-art laboratory currently
being able to quantitate at the parts-per-trillion level. What advan-
tages are afforded the epidemiologist by this increase in precision?
Any disadvantages? :
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PURPOSE

OBJECTIVES:

SPECIAL TERMS:

Unit i

ANALYTIC EPIDEMIOLOGY

To introduce the participant to the different types of analytic epidemiologic studies

. and to discuss the relative strength and weakness of each approach.

To acquaint the participant with:

1.

bl

AN

The different types of analytic epidemiology studies

When to use certain study types

The limits of epidemiologic investigation

Key questions to ask when assessing any epidemiologic study

Hypothesis

Power

Causality
Retrospective
Prospective
Diagnostic criteria

-1
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HYPOTHESIS
TESTING VERSUS
HYPOTHESIS
FORMATION

Example: The case
of John Snow and
the Broad Street
pump handle

The principal difference between descriptive and analytic studies is that with
the analytical type of study the investigator is attempting to test a hypothesis.
With a descriptive study, the investigator is deriving or forming a hypothesis.
If epidemiologic studies are conducted in series, each asking a more specific,
more refined question, then it is possible to appreciate the flow from the
descriptive to the analytic study format.

An epidemiologic hypothesis addresses the relationship between an agent or
exposure and a host and the subsequent development of a disease of interest.
An analytic study attempts to explain causal or preventative factors regarding
the relationship between an exposure and a disease. The progression from
hypothesis formation to hypothesis testing is a cardinal principle of the scien-
tific method with a long tradition in epidemiology. Such a pattern can begin
with clinical impressions of the distribution of disease. A good example of this
was the initial point of investigation by a clinician linking angiosarcoma of the
liver with the manufacture of vinyl chloride. This lead to gathering more data
concerning its occurrence; supplementing this with either biologic, biocassay
(animal study), or environmental laboratory data; and refining questions about
this relationship into a specific hypothesis.

To further explicate the progression from hypothesis formation to hypothesis
testing, the 19th century England activities of John Snow are instructive both

-for an understanding of the history of epidemiology and also for further appre-

ciation of the development of a testable hypothesis.1.2

Snow was an English physician practicing in London during the 1840's and
1850's. Because of the recent availability of routinely collected population and
mortality data, Snow was able to frame a hypothesis between the development
of cholera (an infectious disease of great magnitude in 19th century England)
and exposure to certain sources of drinking water. On the basis of these
descriptive data, Snow postulated a hypothesis that cholera was transmitted by
an unknown agent through contaminated water supplies. The causative agent
for cholera was unknown at this time was because the germ theory of disease
was in its infancy. ‘ ‘

By consulting population and mortality data, Snow noted that death rates from
cholera were particularly high in areas of London supplied with water from
two companies: the Lambeth Company and the Southwark and Vauxhall
Company.
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Snow noted that between 1849 and 1854 when the Lambeth Company
changed its source of drinking water pollution levels were lower. The rates of
cholera declined in those areas of the city supplied by the Lambeth Company,
whereas there was no change in those areas receiving water from Southwark
and Vauxhall Company. The change in the source of drinking water for the
Lambeth Company created a "natural experiment" between the sources of con-
taminated and uncontaminated drinking water. The "experiment” actually took
shape when a virulent cholera epidemic struck London between August, 1853
and January, 1854. Snow was able to tabulate the number of cholera deaths
occurring in areas supplied solely by each company and jointly by the two
water companies (Table II-1). From Table II-2 it can be seen that the areas
supplied solely by the Southwark and Vauxhall Company suffered much high-
er rates of cholera than did those areas supplied by the Lambeth Company. In
fact, Snow noted no cases of cholera in these areas. For areas receiving water
from both companies the rate of the disease was at a level between the two dis-
tinct areas.

Table II-1
Death Rates from Cholera, 1853-1854, According to
Water Company Supplying Subdistrict of London*

Population Cholera deaths Deaths per
Water company in 1851 in 1853-1854 100,000 living
Southwark and Vauxhall 167,654 192 114
Both companies 301,149 182 60
Lambeth 4,632 0 0
*Ref. 3, taken from Ref. 1.
Table 11-2

Death Rates from Cholera in London, 1853-1854, According to
Water Company Supplying Actual House*

Deaths per
Water company Number of houses Deaths from cholera 10,000 houses
Southwark and Vauxhall 40,046 ‘ 1263 315
Lambeth 26,107 98 37
Rest of London 256,423 : 1422 39

*Ref. 3, taken from Ref. 1. -

Snow's hypothesis that water quality determined susceptibility to cholera
seems to have been borne out by his analysis according to the source of drink-
ing water. He also realized that differences in geography might not be the only
factor in determining the disease experience of the residents and that he would
need to test his hypothesis further. He did this by actually determining the
source of water supply for each house with a cholera death. The following data
emerged (Table II-2). '
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Snow's most
important result

These data show convincingly that water supplied by the Southwark and
Vauxhall Company was responsible for the cholera outbreak in the affected
areas. The hypothesis began with general observations regarding the distribu-
tion of cholera in London; the use of the subdistrict data contained in Table II-1
further refined the assumption that the drinking water source was tied to
cholera outbreaks. This relationship was further pinpointed with the house- spe-
cific analysis.

Snow's own words summarize the elegance of the experiment:3

"...In many cases a single house has a supply different from that on either
side. Each company supplies both rich and poor, both large houses and
small; there is no difference either in the condition or occupation of the
persons receiving the water of different Companies. Now it must be evi-
dent that, if the diminution of cholera, in the districts partly supplied with
the improved water (from Lambeth), depended on this supply, the houses
receiving it would be the houses enjoying the whole benefit of the
diminution of the malady, whilst the houses supplied with the water from
the Battersea Fields (the Southwark and Vauxhall Company) would suffer
the same mortality. as they would if the improved supply did not exist at
all. As there is no difference whatever, either in the houses or the people
receiving the supply -of the two Water Companies, or int any of the physi-
cal conditions with which they are surrounded, it is obvious that no exper-
iment could have been devised which would more thoroughly test the
effect of water supply on the progress of cholera that this, which circum-
stances placed ready made before the observer.”

Snow's most important result was the formulation of a public health interven-
tion. He was able to benefit from the existence of this natural experiment that
allowed him to find further evidence in support of his hypothesis. Snow par-
layed his understanding of the distribution of cholera into an effective public
health irtervention. Interventions are steps taken by public health authorities
to minimize risk to affected populations. Snow's intervention was as simple as
it was effective. In an area supplied by a Southwark and Vauxhall water sup-
ply, Snow removed the pump handle from the implicated public well. This
removal is accorded its place in history in a uniquely British manner—there is
a pub named for the Broad Street pump!

The pattern and distribution of diseases of contemporary society, particularly
in industrialized countries, make the job of the epidemiologist even more chal-
lenging. The problem framed for epidemiologists is that chronic diseases such
as heart disease or cancer are multi-factorial in nature, i.e., there is more than
one cause. This starkly contrasts with the infectious agents that usually cause a
single identifiable disease. Major successes against these agents are largely

- attributable to the profound economic and social changes seen in Western

Europe and the United States during the past century. Sanitary engineers, now
known as environmental engineers, played a significant role in these advances
by providing better housing, controlling human sewage 